Adverse cardiovascular responses to anesthesia during either electroconvulsive therapy (ECT) or elective surgical procedures were evaluated in 27 patients maintained on chronic (3 months-3 yr) monoamine oxidase inhibitor (MA011 therapy. Changes in blood pressure and heart rate in study patients (n = 22 ECTs in 13 patients) undergoing ECT were not significantly different from those observed in pa-1985;64:592-6.
Monoamine oxidase (MAO) is a general term for a group of intramitochondrial enzymes distributed widely throughout the body. One type of MA0 is intraneuronal MA0 that is responsible for the deactivation of certain biologically active amines including norepinephrine, 5-hydroxytryptamine, and dopamine (1). Monoamine oxidase inhibitors (MAOIs) increase intraneuronal neurotransmitter pools by inhibiting MAO. Depolarization of these cells results in an increased amount of neurotransmitter being released into the synaptic cleft, thereby increasing postsynaptic depolarization and adrenergic stimulation. MAOIs are currently being used in the treatment of severe depression. The maximal inhibition of MA0 by the MAOIs is achieved within a few days, even though their behavioral antidepressant effect may not be observed for 2-3 weeks.
The current recommendation is that MAOIs be discontinued 2 weeks prior to anesthesia because of the potential for serious adverse drug interactions (2) (3) (4) . Reports of adverse responses in patients taking MAOIs include hypertension, hypotension, hyperpyrexia, hyperreflexia, convulsions, and hepatotoxicity (5, 6) .
However, no controlled prospective evaluations of the risks involved in anesthesia practice in patients chronically treated with MAOIs have been reported. The purpose of this study was to observe cardiovascular responses and adverse reactions to a variety of anesthetic, ECT, and surgical procedures in these patients.
Methods
Twenty-seven patients, 15 females and 12 males, between the ages of 23 and 84 volunteered to participate in the study and gave informed consent. This study was reviewed and approved by the Human Investigation Committee of Rush Presbyterian-St. Luke's Medical Center. All patients were on chronic MA01 therapy and were scheduled for either electroconvulsive therapy (ECT) (group I) or elective surgical procedures (group 11).
The first group (n = 13) received 0.4 mg of atropine intravenously prior to induction of anesthesia. ECTs were often performed more than once in the same patient and thus a total of 22 ECTs were performed in these 13 patients; each procedure was considered an independent event. Anesthesia was induced with thiopental, 1-3 mg/kg, and muscle relaxation was achieved with succinylcholine, 0.5-1 .O mgikg intravenously. Heart rate, blood pressure, and body (axillary) temperature were recorded prior to, 1 min after, 3) . If indicated, their tracheas were intubated, facilitated by succinylcholine administration, 1.0-1.5 mg/kg intra- venously. Anesthesia was maintained with halothane/N20 (n = 4), enflurane/N20 (n = 2) or isoflurane/N,O (n = 3). Additionally, four patients had intravenous fentanyl, 0.05-0.25 mg anesthesia, two had spinal anesthesia, and one patient had thoracic epidural 0.5% bupivacaine anesthesia. One patient received epidural morphine 0.2 mg/hr during surgery and throughout the postoperative period. Twelve of the fourteen patients in group I1 received fentanyl or morphine intravenously for postoperative analgesia. The following were monitored from the preanesthetic period through postanesthetic recovery: blood pressure (direct or indirect), electrocardiogram, skin and core temperatures, and the degree of neuromuscular blockade.
The statistical significance of intra-and inter-group differences in changes in blood pressure, heart rate, and body temperature were compared between group I and the control group and were evaluated by analysis of variance. Differences were considered statistically significant at the P < 0.05 level of probability.
In group I1 patients, overall significant variations in response to anesthetic management were recorded.
Results

Group 1
Systolic, diastolic, mean blood pressures, and heart rates increased significantly 1 min after ECT in both the control group and the MA01 group (Table 2 ). The changes in mean blood pressure and heart rate from pre-ECT to 1 min post-ECT were not significantly different from the control group. In both groups blood pressure and heart rate returned to baseline values within 15 min. No significant changes were observed in body temperature. Additionally, no unusual clinical observations were made in patients in the study or control groups.
Group 2
Thirteen of the 14 patients undergoing elective surgery (Table 1) had no adverse reactions at any time during the perioperative period. The eighth patient had a brief episode of hypotension that responded to treatment with lactated Ringer's and phenylephrine (three divided doses of 0.1 mg intravenously). No adverse hernodynamic or psychologcal responses were noted postoperatively.
Discussion
Although many concerns have been expressed in the anesthetic literature about anesthetic management of patients on MA01 therapy (3,7), only a few published reports justify these concerns (5, 6, 8) . Most reports of adverse effects have been related to MA01 overdosage (1). A significant number of published cases ascribe adverse reactions to the "cheese effect" (9). This effect is attributed to the inhibition of liver monoamine oxidase that allows increases in plasma concentrations of tyramine, an amino acid present in a variety of foodstuffs that possesses indirect-acting sympathomimetic properties. Other indirect-acting sympathomimetic drugs have been reported to produce adverse reactions as well (10-12).
The literature on drug interactions during anesthesia in patients on MAOIs is limited. Potentiation and prolongation of the effects of meperidine, morphine, pentazocine, pentobarbital, amylbarbital, and thiopental have been reported (4, 13, 14) . The mechanism of such interactions has been ascribed to decreased 5-hydroxytryptamine metabolism and inhibition of narcotic metabolism in the liver. However, a study examining the effects of narcotics in 15 volunteers who had been receiving an MA01 for 3-8 weeks found that all subjects reacted normally to intramuscular injections of meperidine and morphine (15). As we have demonstrated in the present study, ANESTH ANALG 1985; 61:592-6 other investigators have shown no adverse responses in patients receiving chronic MA01 therapy undergoing narcotic anesthesia (16, 17) .
Chronic antidepressant therapy can be associated with diminished postsynaptic, central, @-adrenergic receptor activity (18) (19) (20) . Down-regulation in the limbic system and other cerebral structures, measured by cyclic-AMP generation, has been demonstrated to occur over 7-21 days in chronic animal studies using MAOIs and tricyclic antidepressants (TCAs) (21-23). Similar investigations of TCAs have demonstrated a more complex chronic response for cerebral a-adrenergic and peripheral a-and p-adrenergic receptors. Menkes et al. (25, 26) , for example, found enhanced central al-adrenergic receptor responses in rats as a result of increased receptor affinity after chronic TCA treatment. Responses of P1-adrenergic receptors have not been found to be altered by TCAs, but cardiac adrenergic nerves released more norepinephrine after stimulation, presumably from decreased a2-presynaptic inhibition (22, 24) . Thus TCAs and possibly MAOIs appear to induce reciprocal changes in central al-and P-adrenergic receptors (26) , but have little effect on peripheral responsiveness. The chronic effects of TCAs and MAOIs on peripheral al-adrenergic receptors has not been well defined.
Acute treatment (8-15 days) with TCAs in dogs results in an increased arrhythmogenicity in response to various adrenergic challenges (27, 28) but chronic treatment (6 weeks) failed to alter arrhythmogenicity or adrenergic responsiveness (29) . Acute (8-14 days) treatment with MA01 and TCA in dogs followed by challenges with volatile anesthetics and epinephrine is associated with increases in arrhythmogenicity that are similar with both types of drugs (28) . Our own initial studies (30) have demonstrated increased responses of heart rate and blood pressure to ephedrine and norepinephrine in dogs anesthetized with enflurane/fentanyl/N20 after 2 weeks of treatment with MAOI, but the responses returned to normal by the third week of treatment.
Extrapolation from these animal studies suggests that patients on chronic MA01 therapy would not be adversely affected during anesthesia or by adrenergic challenges. A similar lack of adverse responses to adrenergic challenges has been observed in patients on chronic TCA therapy (31) . Studies with MAOIs and TCAs suggest that this may be a result of adaptations occurring during chronic antidepressant therapy.
In summary, a group of 27 patients on chronic (greater than 3 weeks) MA01 therapy was found to have no adverse responses in the perioperative period while receiving anesthesia for ECT or elective surgical procedures. We did not evaluate patients who had recently (less than one month) begun MA01 therapy. These later patients may be potentially at a higher risk before adaptation has occurred, and more work is needed to determine the potential for adverse responses in this group. Furthermore, we did not evaluate indirect-acting sympathomimetic amines or meperidine because of the number of previously reported adverse interactions with these agents. More studies in animals and volunteers are needed in this area, but, based upon our findings and those of other investigators, as well as an understanding of the neuropharmacology involved with chronic antidepressant therapy, we believe that discontinuation of chronic MA01 therapy prior to surgery is not necessary.
